DRAFT

Lower Butte Creek Project

Characterization and Analysis of Small Pumping Plant Sites
on the Sutter Bypass East Borrow Channel

Prepared for:

Central Valley Project Improvement Act
Anadromous Fish Restoration Program

Prepared by:
Ducks Unlimited, Inc

3074 Gold Canal Drive
Rancho Cordova, CA 95670

June 2005

DU Project No. US-CA-181-1 ‘ ; .DUCKS UNLIMITED



Lower Butte Creek Project
Characterization and Analysis of Small Pumping Plant Sites
on the Sutter Bypass East Borrow Channel

TABLE OF CONTENTS

1.0 Introduction
1.1 Background
1.2 Project Site
2.0 Purpose and Methodology
3.0 Data Collection
4.0 Fish Screen Assessment
4.1 Fish Screen Features
4.2 Design Criteria For Fish Screens
5.0 Analysis and Results
5.1 Site Specific Factors
5.2 Assumptions
5.3 Analysis
5.4 Results
5.4.1 Alternative A- Screen Individual Pumps
5.4.2 Alternative B- Screen Individual Diversion Sites
5.4.3 Alternative C- Screen Consolidated Diversion Sites
6.0 Conclusion and Recommendations
7.0 References

List of Figures
Figure 1: Vicinity Map
Figure 2: Pump Capacity Distribution

List of Tables

Table 1: Screen Selections for Alternative A

Table 2: Screen Selections for Alternative B

Table 3: Screen Selections for Alternative C

Table 4: Probable Costs for Implementing Alternatives A, B and C

Appendices

Appendix A: Diversion Site Data

Appendix B: Survey Data (Diversion locations and details)
Appendix C: CDFG Fish Screen Criteria

Appendix D: NMFS Fish Screen Criteria

Lower Butte Creek Project
Characterization and Analysis of Small Pumping Plant Sites on the Sutter Bypass East Borrow Channel
DU Project No. US-CA-181-1



1.0 Introduction

The Sutter Bypass, located in Sutter County, California, originates at the south side of the
Sutter Buttes and terminates at the intersection of the Sacramento River and the north end of
the Yolo Bypass (Figure 1). The bypass was constructed during the 1920s to contain
floodwaters and protect adjacent farmlands. The land contained within the bypass is both
privately and publicly held and utilized for wildlife habitat and agricultural purposes. Most
properties hold water rights that allow them to pump out of the Bypass’” West Borrow and
East Borrow Channels. This report characterizes the pumping plant sites and equipment
necessary to screen several small diversions that pump out of the East Borrow Channel.
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Figure 1: Vicinity Map

1.1 Background

This evaluation is a component of the stakeholder driven Lower Butte Creek Project (LBCP).
The LBCP was initiated in 1997 to improve fish passage in accordance with the Anadromous
Fish Restoration Program (APRP). It specifically focuses on developing a set of operational
alternatives for the Lower Butte Creek Region that improves fish passage yet maintains the
viability of agriculture, government lands, and wildlife habitats.

There have been two phases of the LBCP. The initial phase brought stakeholders together to
address the diverse issues associated with using water from the Lower Butte Creek system.
These meetings culminated in the development of six alternatives to improve fish passage and
address the key issues. At the conclusion of this phase, it was agreed that additional data was
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needed to effectively implement the alternatives. Hence, Phase I-B was developed to collect
and analyze data to facilitate future stakeholder decisions. This data included analysis of key
water control structures in the West Borrow Channel, evaluation of alternative water sources,
and the current water use in the East Side Sutter Bypass.

During both of these phases significant discussions were held on the improvement of fish
passage, specifically within the East Borrow Channel, and whether water users should be
required to screen their diversions. There is speculation on whether screening would actually
minimize the take of fish species and effectively contribute to fish recovery. These
discussions have led to a three-phased Restoration Approach involving the signing of a
Memorandum of Agreement, development of a Cooperative Restoration Plan for the East
Borrow Channel, and the implementation of this Plan.

This report, as part of this restoration approach, specifically focuses on data collected on the
smaller scale diversion pumps within the East Borrow Channel. This information will be of
assistance when accessing the fish screen alternatives during the development phase of the
East Borrow Channel Restoration Plan.

1.2 Project Site

The East Borrow Channel is a key component of the Butte Creek system. The channel
extends 30 miles along the east side of the Sutter Bypass from the East-West Diversion Weir
on the downstream end of the Butte Slough to the Nelson Slough (Figure 1). The Sutter
Bypass consists of approximately 11,000 acres of agricultural lands (primarily rice fields) and
2,500 acres of wetland habitat. Water entering the bypass primarily consists of natural flow
from Butte Creek and the Butte Sink. In the spring, the Bypass serves as a flood plain,
alleviating flooding potential along the lower Sacramento River. When the Bypass is not
flooded, flow is restricted to the East and West Borrow Channels. Three waterways, the
Willow, Gilsizer, and Nelson Sloughs, convey water from the East Borrow Channel in a
southwesterly direction across the Sutter Bypass to the West Borrow Channel. Gilheizer
Slough was blocked off during the 1950s.

The Butte Slough Irrigation Company regulates the flow of water into both the East and West
Borrow Channels via the East-West Diversion Weir. In the East Borrow Channel, water is
diverted from 46 individual diversions for the irrigation of fields within and outside of the
Sutter Bypass. These diversions consist of pumps ranging from 8” to 22” in diameter.
Typically these diversions occur during the irrigation season from April to October and at a
smaller scale during the fall and winter for rice straw decomposition and wetland habitat. In
addition to these diversions, three DWR pumping stations pump water out of the channel for
irrigation and conversely pump water into the channel for flood protection. At the channel
terminus water is conveyed through Nelson Slough into the West Borrow Channel, then into
Sacramento Slough where it enters the Sacramento River at Verona.

2.0 Purpose and Methodology

This document will serve as a resource during the development of the Restoration Plan for the
East Borrow Channel. The objective of this report is to characterize the site conditions and
provide recommendations on the type, size, and configuration of fish screens that would be
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most conducive for selected diversion sites on the East Borrow Channel. Specific tasks
include the following:

= 3.0 Data Collection: This includes a topographic survey of the sites, water rights
information, and pump information and other data as necessary to evaluate screening
options.

» 4.0 Fish Screen Assessment: Evaluation of fish screen design criteria and feasible fish
screen options.

* 5.0 Analysis and Results: Development of fish screen alternatives based on pumping
capacity and site specific constraints at each of the diversion sites. Alternatives are
presented for the screening of each diversion sites independently and for screening
sites where diversions could potentially be consolidated.

» 6.0 Conclusion and Recommendations: Recommendations are provided considering
costs and performance capability.

3.0 Data Collection

Information collected by MBK Engineers (MBK) during Phase I-B of the Lower Butte Creek
Project show that there are 46 individual diversions in the East Borrow Channel that are
primarily used to irrigate adjacent fields. Twenty-four of these sites and two sites that pump
from the West Borrow Canal were selected for this study with the cooperation from the pump
owners. The remaining 22 pump sites are located outside of the Sutter Bypass east levee and
are the subject of a California Department of Water Resources study. The collection of water
rights information, surveys of the location and key features of each of the sites, and a follow
up mailing was conducted. These tasks are described in further detail below:

Water Rights

MBK gathered information on the water rights at the diversion locations from the State Water
Control Board. Landowners for each of these water rights were invited to a stakeholder
meeting where they had the opportunity to meet with MBK to review and verify their water
rights, and contribute additional information. The diversion sites of the active participants
were selected for this study.

Surveys

Whitehead & Associates surveyed the selected diversion sites in the summer of 2002,
collecting information on the local topography and key features of the pumps. Over the
course of two years, several pumps were added and ownerships changed. Ducks Unlimited,
Inc conducted a follow up survey in the fall of 2004 to fill in missing data gaps. The
horizontal and vertical datum used for this project is California Zone 2, NAD 1983 and
NAVD 1988, respectively.

Mailing

In the fall of 2004, Ducks Unlimited sent a package to all participating landowners containing
a chart of the collected pump information for their specific diversion site(s) and a map
showing the location of their site(s). The landowners were asked to verify the information
and fill in any missing pump data on the chart.
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Appendix A summarizes the information collected for each of the selected sites and Appendix
B contains the collected topographic survey data.

4.0 Fish Screen Assessment

Fish screens are intended to protect the fisheries resource by safely excluding fish from
diverted water. In order for these systems to achieve their purpose they must be reliable,
effective and efficient. In other words, they must be designed in a manner that allows water
diversion with minimal maintenance. Screens that routinely clog with debris could result in
reduced diverted flow, damaged infrastructure, and localized increased velocities or
“hotspots” that impinge fish. Fish screens can easily become the most expensive and
burdensome component of small diversions. If not designed properly such screens could be
perceived as merely a nuisance by frustrated operators and bypassed or discarded. Therefore,
a robust design will be one that not only meets the screening criteria but also keeps the end
user in mind.

Fish screens range from complex systems designed specifically for a particular situation to
small, off the shelf, low-tech systems. As individual units the small pump diversions being
considered in this analysis don’t warrant the expense of complex systems, which are normally
used for large diversions. However, if several of these were consolidated into a single
diversion, a more extensive system may be practical. This section describes the general
features of these screens and the design criteria fish screens must comply with in California.

4.1 Fish Screen Features

There are several options inherent to the selection of fish screens. These include the structure
and shape of the screen, type of screen material, and the method of cleaning. Screens may
also be customized to adequately address specific site constraints. These options are
discussed below.

Structure/Shape

Fish screens range in size and structure from a simple screen attached to the suction side of a
pipe to large expansive structures that span the width of large channels. The diversions along
the East Borrow Channel are of a relatively small scale, which would lend them towards the
former category. If several of the sites were consolidated, however, a larger, more complex
fish screen may be necessary

Screen shape refers to the geometry of the screening surface and affects how water flows past
and through the screen. Common shapes include flat plate, drum or cylindrical and cone. Flat
plate screens are most common in larger more complex installations although they have been
utilized in small box structures built around the intake. These screens are normally used in
instances such as on a riverbank where the majority of the water flows past the screen,
sweeping fish and debris with it. Normally they are not suited nor allowed for installations on
dead-end sloughs or turnouts. Cylindrical screens are common on small diversions and often
are designed with an integrated flange that attaches directly to the intake pipe. Drum and
cone screens most often require the use of some form of adaptive piping to connect them to
the diversion works and can designed for all sizes of diversions. Of the common screen types
available, cylindrical and cone screens are best suited for dead-end sloughs, turnouts or
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locations with low or zero velocities This is because they don’t rely on a bypass or sweeping
flow to prevent fish impingement (This criteria is a function of the length of screen a fish is
exposed to while traveling with the current. Cylindrical and conical shapes usually expose the
fish to a much shorter length of screen).

Screen structure refers to how these screens are connected. For instance, the screen can be a
single installation, bolted directly to the intake pipe, or multiple installations connected
together with the use of a manifold. This allows the designer to better accommodate site
conditions. For instance, if a given screen area is required to pass a desired flow but the size
of the screen providing the area is too large for the site conditions, multiple smaller screens
could be installed at the location that sum up to the required area. In this manner manifolds
can be used to increase the capacity of a given screen size and shape.

Screen Material

Screens are manufactured with a variety of materials, stainless steel being the most common.
The chosen material is configured into the screen using various methods. These include
wedge wire bar, profile bar, perforated plate, and woven screens. Wedge wire and profile bar
provide good structural support consisting of parallel stainless steel bars that may be oriented
vertically or horizontally on flat plates or rolled into any of the conical shapes. The woven
wire mesh screen is made of a woven wire in a criss-cross pattern. The perforated plate is a
sheet metal with an array of holes and is available in a variety of configurations. All of these
screens are available in a wide range of opening sizes and wire gages. The design criteria
specify the maximum opening size for each of these screen types.

Self-Cleaning and Passive Systems

There are a variety of systems that may be installed on a fish screen to clean it. Many of these
systems can be controlled remotely or on an automatic mode. Air-burst backwash cleaning
systems clean through the induced violence from the air bubbles that free debris from the
screen. Like air-burst systems, water-jet cleaning systems clean the screens from inside out.
A jet of water sprays through the screen dislodging any debris that might be impinged on its
surface. Mechanical brush systems and rotating drums have also been used effectively. A
variety of power systems have been used to provide power to the cleaning systems. These
include electric motors, diesels motors, hydraulic motors, paddle wheels and solar power.
The key to self-cleaning screens is that they automatically clean the screen at set intervals that
prevent clogging and, as a result, hot spots, head loss and decreased diverted flows. Some
more complex screens utilize sensors that monitor the head loss through the screen since this
is a direct correlation to cleaning performance.

The most low-tech cleaning method is a passive system. Passive systems do not have a self-
cleaning mechanism. This is a screen installation where the operator is required to routinely
clean the screen of any debris or algae buildup. Due to the uncertainty of this maintenance
regulatory agencies require these screens to be oversized to account for clogging. Obviously
this system can place a large time burden on an operator and in certain circumstances prove
ineffective. Passive cleaning systems range from a hand-held brush to manually operated
valves for water spray or air burst systems. Passive screens are generally cheaper than their
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counterparts and cannot mechanically fail from auxiliary cleaning equipment. These screens
are most effective in waters that do not have a lot of debris and sediment.

4.2 Design Criteria for Fish Screens

The National Marine Fisheries Service (NMFS) and the California Department of Fish and
Game (DFG) have developed a set of criteria for the design and maintenance of fish screens.
These standards provide assurance that the installed screens will meet an expected standard of
performance. The criteria that govern a design vary between sites, depending upon the type of
channel or water body, the magnitude of diversion, and the species of fish present in the
system. For this study we are considering small pumped diversions. The DFG Screening
Criteria (Appendix C) states that “Small pumped diversions (less than 40 cubic-feet per
second) which are screened using “manufactured, self-contained” screens shall conform to the
National Marine Fisheries Service - Southwest Region criteria.” The National Marine
Fisheries Service- Southwest Region criteria is provided in Appendix D and their criteria for
small pumped diversions are summarized below:

Approach velocity, self-cleaning

The approach velocity is the velocity component perpendicular to the fish screen and should
be measured approximately 3 inches from the screen surface. For fish screens with a self-
cleaning device, the required maximum approach velocity is 0.40 ft/sec and should be
uniform across the fish screen.

Approach velocity, not self-cleaning
For fish screens that do not have a self-cleaning device, the required maximum approach
velocity is 0.1 ft/sec and should be uniform across the screen.

Sweeping velocity

The sweeping velocity is the velocity component parallel to the fish screen. The sweeping
velocity should be higher than the approach velocity with recommended velocities of 2 ft/sec
or greater.

Total submerged area

The total submerged area shall equal the maximum diverted flow divided by the allowable
approach velocity. For drum screens, the design submergence shall be 75% of the drum
diameter where submergence should not exceed 85% or be less than 65% of the drum
diameter.

Equation 1: Submerged A = %

all
Where:
Submerged A = submerged area
0.... = maximum diverted flow

V., = allowable approach velocity
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Screen orientation
Screens that are six feet or less in length may be angled perpendicular to the flow. For
screens longer than 6 feet, the screen to flow angle must be less than 45 degrees.

Screen face material

Perforated plate material (round opening) shall not exceed 3/32 inches diameter, profile bar
(slotted opening) shall not exceed 0.0689 inches, and woven wire (rectangular opening,
measure diagonally) shall not exceed 3/32 inches. There shall be a minimum of a 27% open
area. Stainless steel and other corrosion resistant material is recommended to minimize
clogging and corrosion. Anti-fouling material should also be considered if biological fouling
problems are a potential problem. Care should be taken to not use any materials that may be
harmful to fish or other wildlife.

Maintenance

Screens shall be automatically cleaned as often as necessary to prevent the accumulation of
debris. It is recommended that proven cleaning technologies are used and that the system is
effective and reliable.  For intermittent type systems, the head differential shall be a
maximum of 0.1 feet, unless otherwise agreed to by NMFS.

5.0 Analysis and Assumptions

This section discusses site selection factors and provides a series of fish screen alternatives
and the estimated costs for each alternative. Alternatives are presented for the screening of
each diversion site (Alternative A) and for sites where diversions within close proximity to
each other are consolidated into larger diversions (Alternative B).

5.1 Site Specific Factors

In addition to the design criteria, there were a variety of site specific factors that were
considered in developing the feasible screening alternatives and recommendations. These
factors are discussed below.

Species of fish

Fish screens must meet certain design criteria depending upon the fish species that they are
intended to protect. The fish species that are of concern and govern the screening criteria in
this report are the salmonids. Fall, late fall, winter and spring run salmon as well as steelhead
and the Sacramento Split Tail are present in the Sutter Bypass. It is stated in the California
Fish Screen Criteria that, unless proven otherwise, it should be assumed that juvenile fry
salmonids are present in the waters. Fry are present in East Borrow Channel, mandating a
maximum approach velocity of 0.4 ft/sec.

Magnitude of diversion

The pumping capacity directly correlates to the minimum screen surface area needed to
achieve an adequate approach velocity. As described in the design criteria, the total
submerged area equals the maximum diverted flow divided by the allowable approach
velocity. Depending upon the size, fish screens may be designed to traverse a portion of a
channel or to simply surround the pump bowl.

Lower Butte Creek Project Page 7
Characterization and Analysis of Small Pumping Plant Sites on the Sutter Bypass East Borrow Channel
DU Project No. US-CA-181-1



Channel geometry

The channel geometry affects several factors in the design including, but not limited to, how
the water flows past the proposed screen, the type and dimensions of screen that can be
installed, and the depth of water available for screening, amount, if any, of bypass flow, etc.
Often fish screens require a minimum depth of submergence. Clearly the channel geometry
has a major impact on the size and type of screens that can be installed at a particular site. In
some instances it is better to move the diversion to a more suitable location.

Channel bottom

In channels where there is a large amount of silt and other deposition, fish screens may need
to be placed at a higher level to reduce the potential for clogging. Scour as well as channel
meandering must also be considered.

Corrosion

Screens must be protected against corrosion for both longevity and function. Stainless steel is
commonly used but other anti-fouling systems such as cathodic protection are often
implemented. The water in the East Borrow Channel consists of runoff from the Butte Creek
and the Butte Sink. Although it is fresh water, it contains a high amount of agricultural
discharge and as such has a high potential for electrolysis. At a minimum stainless steel
materials should be utilized.

Potential for biofouling
Algae and other organisms grow on fish screens and could adversely affect performance. It is
important to provide a mechanism for keeping the screens clean.

Construction Window

The timing of when diversions most frequently occur as well as when sensitive fish species
are present is important in scheduling the installation and maintenance of the fish screens. In
the East Borrow Channel, water use peaks during the irrigation season from April to August.
The highest demand is in June. Diversions gradually taper off in September and October.
The installation of the fish screens should occur during this time period.

Access

Access to the sites may influence construction costs. Sites located on the outside of the Sutter
Bypass (east side) are generally more accessible than the sites on the Bypass interior (west
side). Accessibility should be considered when estimating costs during the final design phase.

Maintenance

The amount of maintenance required will depend upon to type of system installed and
particular site conditions. Maintenance will be most intense during the irrigation season. Fish
screens in channels carrying larger sediment loads will require frequent cleaning and
maintenance. Utilizing screens with self-cleaning mechanisms can minimize maintenance
activities.
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5.2 Assumptions
Assumptions made in order to facilitate the screen evaluations are presented below:

Design Diversion Flow

Water Rights information was collected by MBK in order to determine the legal diversion
amounts of the pump sites considered in the study. This information can be misleading since
the actual diverted flow does not necessarily have to comply with the stated Water Rights
flow. Therefore, in order to properly categorize the pumps the maximum pumping capacity
had to be determined. In every case the pump curve data had long since been lost and as such
owner-stated capacities were used in this study. Not all owners were aware of the pumping
capacity however, and in some instances the capacities were estimated in order to complete
the data set. Several approaches were taken in an attempt to verify the estimates, which
proved to have a high level of uncertainty. Therefore, unless the estimated pump flows were
a part of a combined analysis the pumps were not carried forward in the analysis. This was
deemed appropriate at this level of study since the pump sites are similar and costs to screen
uncertain sites can be predicted based off of the other known ones. Figure 2 shows the
pumping capacity distribution as reported by the landowners.

Number of Pumps

2,
s ) > ¢
% 2. ‘% %

% g K 7 €007 7007 7 0, 7 7

2 % ) % 9 5 S 8 %9
% > ’% % % % % % %%

d (% (% (% (% (% (% (%

Pumping Capacity (GPM)

Figure 3
Pump Capacity Distribution

Design Water Surface Elevation

Weir 2 and the Willow Slough Weir control the water levels within the East Borrow Channel.
For design purposes it was assumed that the worst-case scenario (i.e. lowest water level)
would be when these weirs were at their operating level and no new flow was entering the
bypass. This would result in a water surface elevation at a particular diversion site equal to
the sill elevation of the closest downstream weir. According to the California Department of
Water Resources, the operating elevation at Weir 2 is 37.7-feet and the Willow Slough Weir
27.9-feet, NAVD 1988. These elevations were used in conjunction with the site topography in
determining design water depths at the respective diversion sites.
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5.3 Analysis
Data collected under this study were used to evaluate the feasibility of screening the small
East Borrow Channel pumps. This process is detailed below:

Site Evaluation

Diversion conditions at the pump sites typically consist of shallow water of minimal velocity.
While the majority of the pumps are located on the banks of the East Borrow Channel, some
are located in side channels or small basins. The channel banks are mostly overgrown and the
bottom consists of soft mud. Water within the East Borrow Channel consists of agricultural
runoff and carries a high silt load. The bypass receives floodwaters in winter months and is
submerged for long periods at a time. Pump motors are pulled prior to this annual occurrence.
Survey data is presented in the Appendix B.

Pump Evaluation

All of the pumps considered in this report are turbine pumps, which are a variety of suction
pump characterized by a motor mounted above the water surface that is attached to a
submerged centrifugal pump by a long shaft. The centrifugal pump contains an impeller that,
when spun, pushes water up the intake pipe where it exits out the discharge just below the
motor. Several types of impellers and pump bowls exist, and since the intakes were all
submerged during the data collection phase this information was not collected. It is assumed
that in order to facilitate installation of the fish screens the preferred design would have to be
readily adaptable to any pump bowl configuration.

Screen Selection

The diversion sites on the East Borrow Channel are relatively small. As such a number of
screening options exist where screens that surround the pump bowl can be utilized. This is
fortunate, as it will result in less-costly screens. In addition, large diversions, which need a
correspondingly larger screen area, commonly deploy flat plate screens that span part of the
waterway. Since the bypass floods on a yearly basis these screens could potentially trap fish
behind them as waters recede or be damaged by high flows and debris.

Since the preferred screen design must be applicable to a variety of pump bowl shapes and
orientations, it was decided that the screens would be designed to attach to a flange on a vault.
The vault in turn would be designed in a fashion that surrounds the pump bowl sealing off all
water entry except for through the screen. This vault would be fitted with a flange attachment
for connection with the fish screen and could take the form of a fabricated metal box or
section of a large diameter CSP pipe. The basic vault design could be consistent for all pump
sites but would have to be modified slightly to accommodate the vertical verses slant pumps.
The vaults could be fitted with a cover that would prevent fish entrainment during high water
events.

Evaluation of the site conditions concluded that cylindrical or cone screens would be most
appropriate for the diversions. Of the possible screen configurations, these exhibit the best
properties for use in shallow water conditions and function in high silt conditions. Cone
screens have a robust reputation for these types of conditions and the cylindrical screens have
proved effective on smaller installations.
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Cone screens have several inherent features that make them particularly appropriate for
shallow water/ high silt conditions. The conical shape of the screen means that they provide a
large surface area with a comparatively short height, with the majority of the surface area
located on the lower portion of the screen. This provides insurance against water level
fluctuations that might drop into the zone of the screen. The approach velocity of the cone
screen design, with a greater percentage of its surface area biased towards the bottom of the
screen, isn’t affected as dramatically as a screen with a surface area that’s evenly distributed.
Secondly, cone screens pull water from the top down, which means they don’t have the
tendency to suck sediment off the channel bottom, as some other designs do, and in fact can
be nestled down into the mud to maximize use of the water column. The screens are cleaned
by a mechanical brush system, which is operated by a hydraulic pump located inside the
screen and powered by the existing electrical supply or by solar power. The cleaning
frequency is automated and can be adjusted to accommodate for changing site conditions.
These screens can be retrofitted onto an existing pumping facility by installing an adapter pipe
that surrounds the pump intake and creates a base to set the screen on. The screens rest on
piles driven around the intake and are held in place by gravity. They can be easily removed
using the same equipment the operator uses to pull pump motors. Maintenance is minimal and
should consist of checking hydraulic fluid levels, hoses for cracks and any anodes used for
cathodic protection. Most of this could be done at the end of the pumping season when the
screen is removed for winter. The main disadvantage of cone screens is that the cost of
installation is substantially higher than cylindrical screens. However, this is somewhat offset
by the greater capacity and compactness of the screens. The screens are currently
manufactured in three sizes, 8-foot, 10-foot and 12-foot diameter bases, with corresponding
capacities of 9,800 gpm, 16,000 gpm and 23,700 gpm respectively.

The primary advantages of cylindrical screens are their low cost and ease of installation. The
screens are manufactured with an integral flange that can be bolted to the pump intake pipe if
a flange is present, although in many cases a flange would need to be added to the existing
intake. The screens come in a variety of sizes and multiple screens can be installed on a
single intake with the use of a manifold. The screens can be installed in any orientation. For
soft bottom/shallow water conditions the screens can be installed vertically resting on a flat
plate or concrete pad to eliminate the suction of bottom silt. As with the cone screen, the
cleaning system contains moving parts. Unlike the cone screen, however, all moving parts are
located inside the screen. A rotating bar inside the screen contains nozzles that spray water
jets through the screen surface, dislodging debris. This system operates continuously and is
driven by a flow of water returning to the screen through a return line from the pump
discharge. This means that efficiency of the pump is reduced somewhat by water lost through
the cleaning system. Smaller installations (100 gallons per minute) can see a reduction in
diverted flow of around 10% while larger diversion (8,500 gallons per minute) might
experience a reduction in flow at a more modest 2%. The efficiency would be reduced even
further if a multiple-screen installation were used. The primary maintenance requirement is
the periodic cleaning of the back-spray filter, which filters water returning from the pump
discharge to the spray nozzles. Depending upon the water quality this filter could require
cleaning anywhere from once every few weeks to multiple times a day. If the filter fails or is
over-loaded spray nozzles may become clogged and require cleaning. All seals are comprised
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of pump shaft seals and as such are relatively maintenance free. Any anodes installed on the
screen would require periodic replacement. Numerous screen sizes are available and special
dimensions can be made to order on an as needed basis.

In conclusion, both screens would function in the East Borrow Channel. Although the cone
screen are better suited to shallow water applications, the cylindrical screens were deemed the
most appropriate for the smaller diversions, based solely upon their lower installation cost.
Cone screens would be considered in instances where the site conditions or diversion
quantities made them more cost efficient or reliable. Figure 3 provides a schematic of typical
cone and cylinder installations as proposed under this study.
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Figure 3: Typical Cone and Suction Screen Installation
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5.4 Results

Three alternatives were considered in screening the pumps, 1) screening each individual pump
2) screening each pump site independently and 3) consolidating pump sites where feasible.
These alternatives are presented below:

5.4.1 Alternative A - Screen Individual Pumps

The screen options presented under Alternative A assume that each pump is individually
screened. Although the pumping capacities along the East Borrow Channel are relatively
small, the capacities and site conditions still vary enough to require each site to be assessed
independently. The small diversion rates result in cylindrical screens being the preferred
method. The variety of cylindrical screen sizes means that they can be readily tailored for
each pump installation. Pump basins might require cleaning in some instanced to allow for
screen installation. This would require the mobilization of equipment and add to the
installation costs. In all cases additional fittings will need to be added onto the existing pump
intake and discharge lines. Some pumps may require a new intake line altogether. Since the
cleaning mechanism is operated by hydraulic pressure no electrical work would be required.
The operator may need to perform some clearing work around the screen prior to resuming
seasonal pumping operations. Table 1 shows screen selection for the individual pumps

5.4.2 Alternative B — Screen Individual Diversion Sites

The screen options presented under Alternative B assume that each pump site would be
individually screened. This means that only pump sites with two or more pumps would be
consolidated together; All other pumps would be screened individually as stated under
Alternative A. The sites consolidated under Alternative B are Sites 15A, 19, 21, 22, 23 and
24,

Table 2 shows the Screen Selection for the combined sites. The intention of this alternative is
to fashion a vault around both pumps at a site with a common screened inlet. For pumps
separated by a distance that makes this impractical separate vaults connected by a common
manifold could be constructed.

5.4.3 Alternative C — Screen Consolidated Diversion Sites

Instead of screening each site, there is also the possibility of consolidating certain pumping
sites into one single diversion. This would further reduce the number of diversions along the
East Borrow Channel and eliminate the need to screen each individual diversion. This
alternative would require the relocation of pumps and construction of delivery ditches and/or
delivery pipelines to move the water to its final destination. Sites that could potentially be
consolidated are listed in Table 3. All other sites would be screened according to Alternative
A.
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Table 1: Screen Selections for Alternative A

Site Characteristics

Screen Characteristics

Number Site Design Number Capacity Height Diameter
of Pumps Capacity Water of (gpm) (inches) (feet)
Site (gpm) Depth  Type Screens
1 1 2,000 2.7 Drum 1 2,000 2.8 2.0
2 1 4,000 3.6  Drum 1 4,000 3.8 3.0
5 1 4,471 5.8 Drum 1 4,500 4.5 3.0
7 1 1,350 2.7  Drum 1 1,400 2.1 2.0
TA 1 NA NA  Drum 1 NA NA NA
8 1 890 2.1  Drum 1 1,000 1.7 2.0
12 1 3,500 5.6  Drum 1 3,600 34 3.0
13 1 4,000 3.2 Drum 2 2,000 2.8 2.0
14 1 3,000 3.3 Drum 1 3,000 33 2.5
15A 2 NA 5.1  Drum 1 NA NA NA
15B 1 NA 4.9  Drum 1 NA NA NA
15C 1 2,200 6.3  Drum 1 2,400 33 2.0
16 1 NA 4.4  Drum 1 NA NA NA
17A 1 7,000 6.7 Drum 1 7,000 6.6 3.0
17B 1 2,800 4.8  Drum 1 3,000 33 2.5
17 1 7,000 5.2 Drum 2 7,200 34 3.0
18 1 NA 7.1  Drum 1 NA NA NA
19 2 NA 7.9  Drum 1 NA NA NA
20 1 7,275 5.3  Drum 2 7,200 34 3.0
21 2 5,000 5.5 Drum 1 5,000 4.9 3.0
6,000 5.5 Drum 1 6,000 5.8 3.0
22 2 5,000 6.0  Drum 1 5,000 4.9 3.0
6,000 6.0 Drum 1 6,000 5.8 3.0
23 2 3,800 5.9  Drum 1 4,000 3.8 3.0
4,000 5.9 Drum 1 4,000 3.8 3.0
24 2 8,556 5.3  Drum 2 9,000 4.5 3.0
4,311 NA  Drum 1 4,500 4.5 3.0
25 1 2,200 23.0 Drum 1 2,400 33 2.0
W 1 1,500 NA Drum 1 1,600 23 2.0
2W 1 300 NA  Drum 1 300 1.4 1.2
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Table 2: Consolidated Screen Selections for Alternative B

Site Characteristics

Screen Characteristics

Site Design Number
Number  Capacity  Water of Capacity  Height  Diameter
Site  of Pumps (gpm) Depth  Type Screens (gpm) (inches) (feet)
15A 2 NA 5.1
19 2 NA 7.9
21 2 11,000 5.5 Cone 1 16,100 37 10.0
22 2 11,000 6.0 Cone 1 16,100 37 10.0
23 2 7,800 5.9 Cone 1 9,800 29 8.0
24 2 12,867 5.3 Cone 1 16,100 37 10.0
(NA= Not Available)
Table 3: Consolidated Screen Selections for Alternative C
Site Characteristics Screen Characteristics
Site Design Number
Consolidated Number  Capacity  Water of Capacity Height  Diameter
Sites of Pumps (gpm) Depth  Type Screens (gpm) (inches) (feet)
15A & 15B 3 NA 5.1
19 & 21 4 NA 5.5
20 & 22 3 18,275 5.3 Cone 1 23,700 45 12
23 & 24 4 20,667 5.3 Cone 1 23,700 45 12

(NA=Not Available)

5.4.4 Probable Costs

The costs of the alternatives described above are presented in Table 4. The costs presented
represent an estimate of material and labor costs for installing the screens as indicated in the

results.

These costs are intended to provide an order of magnitude level only. Each site

contains specific conditions and constraints that would affect the actual installation costs.
Furthermore, implementation of Alternative C would necessitate the construction of
additional infrastructure including, but not limited to, delivery ditches, pipelines and possibly
new pumping stations. These appurtenances were beyond the scope of this study and are not

included in the costs in Table 4.

Table 4: Probable Costs for Implementing Alternatives A, B and C

Item Alternative A Alternative B Alternative C
Field Pump Tests $20,000 $20,000 $20,000
Project Design $50,000 $50,000 $80,000
Project Permitting $50,000 $50,000 $50,000
Construction Management $50,000 $50,000 $50,000
Construction $700,000 $990,000 $800,000
Total $870,000 $1,160,000 $1,000,000
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6.0 Conclusion and Recommendations

Screening the small pumps on the East Borrow Channel is feasible and would be most
economically accomplished utilizing small cylindrical screens on each individual pump.
Consolidation of sites would reduce the number of diversions and result in fewer facilities
requiring maintenance but would come at a substantial capital investment.

The results presented in this report are based on the assumptions described herein and are
sufficient for this level of study. Prior to implementation of the screening effort field tests
should be performed on each pump to be screened in order to verify the maximum pumping
capacity and select the appropriate screen size.
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Appendix A — Information Collected for each Diversion Site

Water Rights Pump Characteristics
Maximu Placement Pumps
m Numbe Approximate Intake Relative to in or
Pump Type Diversion r of Pumping Dischar Edge of out of
Information Water Right, Pumps | Power, Lift, Capacity, ge Size, Channel, Sutter
Site Owner Contact Right cfs at Site HP feet GPM (cfs) inches feet Bypass
Douglas
(Kermit)
1 Tarke Craig Tarke Movable 2.66 1 15 9 2,000 (4.5) 12 Recessed In
Ross Edge of
2 Madden Ross Madden | Stationary 7.25 1 30 10 4,000 (8.9) 16 Canal Out
Contact
did not
5 David Nall David Nall Stationary 3 1 30 know 4,471 (10) 18 Few Feet Out
Recessed, in
Lorreta Interior
7 Dean Lorreta Dean | Stationary 1.13 1 7.5 4 1350 (3.0) 10 Slough In
Jeager
Constructio
n Bill Contact did not
7A Jaeger Bill Jaeger Stationary 1.65 1 20 5 know 10 100 In
Pat Edge of
8 Laughlin Pat Laughlin | Stationary 0.65 1 5 4 890 (2.0) 8 Canal In
In Channel
Contact Crossing
David did not Sutter
12 Creps David Creps | Stationary 10 1 15 know 3,500 (7.8) 16 Bypass In
Contact
David did not Recessed by
13 Creps David Creps Stationary 4.7 1 15 know 4,000 (8.9) 16 200 feet In
Contact
David did not
14 Creps David Creps Stationary 4.7 1 10 know 3,000 (6.7) 16 Few Feet In
Contact 18, did
Fred did not Contact did not | not know did not
15A Zielesch Fred Zielesch | Movable 17.82 2 20 know know other know In
Fred did not Contact did not
15B Zielesch Fred Zielesch | Movable 17.82 1 15 know know 18 Edge in
Richard
15C Giusti Lance Mateoli | Movable 17.82 1 10 4 2,200 (4.9) 18 Edge Out
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Appendix A, Continued

Water Rights Pump Characteristics
Placement
Maximum | Number Approximate Intake Relative Pumps
Pump Type Diversion of Pumping Discharge | to Edge of | in or out
Information Water Right, Pumps Power, Lift, Capacity, Size, Channel, | of Sutter
Site Owner Contact Right cfs at Site HP feet GPM (cfs) inches feet Bypass
Westrope
Ranches Middle of
Dick Don Contact did not Sutter
16 Westrope Greathouse Stationary 6.7 1 15 3 know 18 Bypass In
Akin Ranch
17A | Dick Akin Dick Akin Stationary 13.7 1 40 4 7,000 (15.6) 16 8to 10 Out
Josephine
17B | Etchevery John Oji Stationary 15 1 40 10 2,800 (6.2) 24 5to 8 Out
Akin Ranch
17 Dick Akin Dick Akin Stationary 13.7 1 40 4 7,000 (15.6) 16 5to 8 Out
Westrope
Ranches
Dick Don Contact did not
18 Westrope Greathouse Stationary 347 1 15 3 know 18 About 20 In
Montna
20 Properties Jon Munger | Stationary 34 1 25 5.4 7,275 (16.2) 18 20 In
Nordic
Industries - Jens 5,000 (11.1)
21 K4 Farms Karlshoej Stationary 17.82 2 15 & 20 10 6,000 (13.4) 16 &18 15 to 20 In
Nordic
Industries - Jens 5,000 (11.1)
22 K4 Farms Karlshoej Stationary 34? 2 15 & 20 10 6,000 (13.4) 16 & 16 15to0 20 In
Nordic
Industries - Jens 3,800 (8.5)
23 K4 Farms Karlshoej Stationary 12.82 | 15 10 4,000 (8.9) 18 18 to 20 In
Montna 8,556 (19.1)
24 Properties Jon Munger | Stationary 12.82 2 40 & 25 8.6 4,311 (9.6) 18 10 & 10 In
Danna &
Danna, Inc
Steve
25 Danna Steve Danna | Stationary 1 25 40 2,200 (4.9) 24 10 Out
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Appendix A, Continued

Water Rights Pump Characteristics
Placement
Maximum | Number Approximate Intake Relative Pumps
Pump Type Diversion of Pumping Discharge | to Edge of | in or out
Information Water Right, Pumps Power, Lift, Capacity, Size, Channel, | of Sutter
Site Owner Contact Right cfs at Site HP feet GPM (cfs) inches feet Bypass
Total right
of 1.97 &
1.17 cfs
for West
IW | RoyLanza Roy Lanza Stationary Canal 1 15 8 1500 (3.3) 14 8 in
Total right
of 1.97 &
1.17 cfs Recessed
for West 7' from
2W | Roy Lanza Roy Lanza Stationary Canal 1 3 8 300 (0.7) 12 bank in
Appendices

Lower Butte Creek Project

Evaluation of Fish Screen Alternatives for Selected Diversion Sites On the East Borrow Channel
DU Project No. US-CA-181-1




Appendix B
Survey Data

Appendices

Lower Butte Creek Project

Evaluation of Fish Screen Alternatives for Selected Diversion Sites On the East Borrow Channel
DU Project No. US-CA-181-1



Appendix B
Survey Data

Whitehead & Associates surveyed the selected diversion sites in the summer of 2002, collecting
information on the local topography and key features of the pumps. Over the course of two
years, several pumps were added and ownerships changed. Ducks Unlimited, Inc conducted a
follow up survey in the fall of 2004 to fill in missing data gaps. The horizontal and vertical
datum used for this project is California Zone 2, NAD 1983 and NAVD 1988, respectively. The
following sites are contained in this appendix:

Map of Points of Diversion
Pump Site 1
Pump Site 2
Pump Site 5
Pump Site 7
Pump Site 7A
Pump Site 8
Pump Site 12
Pump Site 13
Pump Site 14
Pump Site 15A
Pump Site 15B
Pump Site 15C
Pump Site 16
Pump Site 17
Pump Site 17A
Pump Site 17B
Pump Site 18
Pump Site 19
Pump Site 20
Pump Site 21
Pump Site 22
Pump Site 23
Pump Site 24
Pump Site 25
Pump Site IW
Pump Site 2W
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STATE OF CALIFORNIA
RESOURCES AGENCY

DEPARTMENT OF FISH AND GAME

FISH SCREENING CRITERIA

June 19, 2000

1. STRUCTURE PLACEMENT

A. Streams And Rivers (flowing water): The screen face shall be parallel to the flow and adjacent
bankline (water’s edge), with the screen face at or streamward of a line defined by the annual low-
flow water’s edge.

The upstream and downstream transitions to the screen structure shall be designed and constructed
to match the bankline, minimizing eddies upstream of, in front of, and downstream of, the screen.

Where feasible, this "on-stream" fish screen structure placement is preferred by the California
Department of Fish and Game.

B. In Canals (flowing water): The screen structure shall be located as close to the river source as
practical, in an effort to minimize the approach channel length and the fish return bypass length.
This "in canal" fish screen location shall only be used where an "on-stream" screen design is not
feasible. This situation is most common at existing diversion dams with headgate structures.

The current National Marine Fisheries Service - Southwest Region criteria for these types of
installations shall be used (Attachment A).

C. Small Pumped Diversions: Small pumped diversions (less than 40 cubic-feet per second)
which are screened using "manufactured, self-contained" screens shall conform to the National
Marine Fisheries Service - Southwest Region criteria (Attachment A).

D. Non-Flowing Waters (tidal areas, lakes and reservoirs): The preferred location for the
diversion intake structure shall be offshore, in deep water, to minimize fish contact with the
diversion. Other configurations will be considered as exceptions to the screening criteria as
described in Section 5.F. below.

2. APPROACH VELOCITY (Local velocity component perpendicular to the screen face

A. Flow Uniformity: The design of the screen shall distribute the approach velocity uniformly
across the face of the screen. Provisions shall be made in the design of the screen to allow for
adjustment of flow patterns. The intent is to ensure uniform flow distribution through the entire
face of the screen as it is constructed and operated.



B. Self-Cleaning Screens: The design approach velocity shall not exceed:
1. Streams and Rivers (flowing waters) - Either:

a. 0.33 feet per second, where exposure to the fish screen shall not exceed
fifteen minutes, or

b. 0.40 feet per second, for small (less than 40 cubic-feet per second)
pumped diversions using "manufactured, self-contained" screens.

2. In Canals (flowing waters) - 0.40 feet per second, with a bypass entrance located
every one-minute of travel time along the screen face.

3. Non-Flowing Waters (tidal areas, lakes and reservoirs) - The specific screen
approach velocity shall be determined for each installation, based on the species and
life stage of fish being protected. Velocities which exceed those described above will
require a variance to these criteria (see Section 5.F. below).

(Note: At this time, the U.S. Fish and Wildlife Service has selected a 0.2 feet per
second approach velocity for use in waters where the Delta smelt is found. Thus, fish
screens in the Sacramento-San Joaquin Estuary should use this criterion for design

purposes.)
C. Screens Which Are Not Self-Cleaning: The screens shall be designed with an approach

velocity one-fourth that outlined in Section B. above. The screen shall be cleaned before the
approach velocity exceeds the criteria described in Section B.

D. Frequency Of Cleaning: Fish screens shall be cleaned as frequently as necessary to prevent
flow impedance and violation of the approach velocity criteria. A cleaning cycle once every 5
minutes is deemed to meet this standard.

E. Screen Area Calculation: The required wetted screen area (square feet), excluding the area
affected by structural components, is calculated by dividing the maximum diverted flow (cubic-
feet per second) by the allowable approach velocity (feet per second). Example:

1.0 cubic-feet per second / 0.33 feet per second = 3.0 square feet

Unless otherwise specifically agreed to, this calculation shall be done at the minimum stream
stage.

3. SWEEPING VELOCITY (Velocity component parallel to screen face)

A. In Streams And Rivers: The sweeping velocity should be at least two times the allowable
approach velocity.

B. In Canals: The sweeping velocity shall exceed the allowable approach velocity. Experience has
shown that sweeping velocities of 2.0 feet per second (or greater) are preferable.

C. Design Considerations: Screen faces shall be designed flush with any adjacent screen bay piers
or walls, to allow an unimpeded flow of water parallel to the screen face.

4. SCREEN OPENINGS



A. Porosity: The screen surface shall have a minimum open area of 27 percent. We recommend the
maximum possible open area consistent with the availability of appropriate material, and structural
design considerations.

The use of open areas less than 40 percent shall include consideration of increasing the screen
surface area, to reduce slot velocities, assisting in both fish protection and screen cleaning.

B. Round Openings: Round openings in the screening shall not exceed 3.96mm (5/32in). In waters
where steelhead rainbow trout fry are present, this dimension shall not exceed 2.38mm (3/32in).

C. Square Openings: Square openings in screening shall not exceed 3.96mm (5/32in) measured
diagonally. In waters where steelhead rainbow trout fry are present, this dimension shall not exceed
2.38mm (3/32in) measured diagonally.

D. Slotted Openings: Slotted openings shall not exceed 2.38mm (3/32in) in width. In waters where
steelhead rainbow trout fry are present, this dimension shall not exceed 1.75mm (0.06891n).

5. SCREEN CONSTRUCTION

A. Material Selection: Screens may be constructed of any rigid material, perforated, woven, or
slotted that provides water passage while physically excluding fish. The largest possible screen
open area which is consistent with other project requirements should be used. Reducing the screen
slot velocity is desirable both to protect fish and to ease cleaning requirements. Care should be
taken to avoid the use of materials with sharp edges or projections which could harm fish.

B. Corrosion and Fouling Protection: Stainless steel or other corrosion-resistant material is the
screen material recommended to reduce clogging due to corrosion. The use of both active and
passive corrosion protection systems should be considered.

Consideration should be given to anti-fouling material choices, to reduce biological fouling
problems. Care should be taken not to use materials deemed deleterious to fish and other wildlife.

C. Project Review and Approval: Plans and design calculations, which show that all the
applicable screening criteria have been met, shall be provided to the Department before written
approval can be granted by the appropriate Regional Manager.

The approval shall be documented in writing to the project sponsor, with copies to both the Deputy
Director, Habitat Conservation Division and the Deputy Director, Wildlife and Inland Fisheries
Division. Such approval may include a requirement for post-construction evaluation, monitoring
and reporting.

D. Assurances: All fish screens constructed after the effective date of these criteria shall be
designed and constructed to satisfy the current criteria. Owners of existing screens, approved by the
Department prior to the effective date of these criteria, shall not be required to upgrade their
facilities to satisfy the current criteria unless:

1. The controlling screen components deteriorate and require replacement (i.e., change
the opening size or opening orientation when the screen panels or rotary drum screen
coverings need replacing),

2. Relocation, modification or reconstruction (i.e., a change of screen alignment or an
increase in the intake size to satisfy diversion requirements) of the intake facilities, or



3. The owner proposes to increase the rate of diversion which would result in violation
of the criteria without additional modifications.

E. Supplemental Criteria: Supplemental criteria may be issued by the Department for a project, to
accommodate new fish screening technology or to address species-specific or site-specific
circumstances.

F. Variances: Written variances to these criteria may be granted with the approval of the
appropriate Regional Manager and concurrence from both the Deputy Director, Habitat
Conservation Division and the Deputy Director, Wildlife and Inland Fisheries Division. At a
minimum, the rationale for the variance must be described and justified in the request.

Evaluation and monitoring may be required as a condition of any variance, to ensure that the
requested variance does not result in a reduced level of protection for the aquatic resources.

It is the responsibility of the project sponsor to obtain the most current version of the appropriate
fish screen criteria. Project sponsors should contact the Department of Fish and Game, the National
Marine Fisheries Service (for projects in marine and anadromous waters) and the U.S. Fish and
Wildlife Service (for projects in anadromous and fresh waters) for guidance.

Copies of the current criteria are available from the Department of Fish and Game through the
appropriate Regional office, which should be the first point of contact for any fish screening
project.

Northern California and North Coast Region; 601 Locust Street, Redding, CA 96001 -
(916) 225-2300.

Sacramento Valley and Central Sierra Region; 1701 Nimbus Drive, Rancho Cordova,
CA 95670 - (916) 358-2900.

Central Coast Region; 7329 Silverado Trail/P.O. Box 46, Yountville, CA 94599 -(707)
944-5500.

San Joaquin Valley-Southern Sierra Region; 1234 E. Shaw Avenue, Fresno, CA 93710
- (209) 243-4005.

South Coast Region; 4649 View Crest Avenue, San Diego, CA 92123 - (619) 467-
4201.

Eastern Sierra and Inland Deserts Region; 4775 Bird Farms Road, Chino Hills, CA
91709 - (909) 597-9823.

Marine Region; 20 Lower Ragsdale Drive, #100, Monterey, CA 93940 - (831) 649-
2870.

Technical assistance can be obtained directly from the Habitat Conservation Division; 1416 Ninth
Street, Sacramento, CA 95814 - (916) 653-1070.

The current National Marine Fisheries Service criteria are available from their Southwest Region;
777 Sonoma Avenue, Room 325, Santa Rosa, CA 95402 - (707) 575-6050.



California Department of Fish and Game Region Map (PDF, 35KB)
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NMFES Fish Screen Criteria 1

I. General Considerations

This document provides guidelines and criteria for functional designs of downstream migrant fish
passage facilities at hydroelectric, irrigation, and other water withdrawal projects. Itis
promulgated by the National Marine Fisheries Service (NMFS), Southwest Region as a result of
its authority and responsibility for prescribing fishways under the Endangered Species Act (ESA),
the Federal Power Act, administered by the Federal Energy Regulatory Commission (FERC), and
the Fish and Wildlife Coordination Act (FWCA), administered by the U.S. Fish & Wildlife
Service.

The guidelines and criteria are general in nature. There may be cases where site constraints or
extenuating circumstances dictate a waiver or modification of one or more of these criteria.
Conversaly, where there is an opportunity to protect fish, site-specific criteriamay be added.
Variances from established criteriawill be considered on a project-by-project basis.

The swimming ability of fish isaprimary consideration in designing a fish screen facility.
Research shows that swimming ability varies depending on multiple factors relating to fish
physiology, biology, and the aquatic environment. These factors include: species, physiological
development, duration of swimming time required, behavioral aspects, physical condition, water
quality, temperature, lighting conditions, and many others. Since conditions affecting swimming
ability are variable and complex, screen criteria must be expressed in general terms and the
specifics of any screen design must address on-site conditions.

NMFS may require project sponsors to investigate site-specific variables critical to the fish screen
system design. Thisinvestigation may include fish behavioral response to hydraulic conditions,
weather conditions (ice, wind, flooding, etc.), river stage-discharge relationships, seasonal
operations, sediment and debris problems, resident fish populations, potential for creating
predation opportunity, and other pertinent information. The size of salmonids present at a
potential screen site usually is not known, and can change from year-to-year based on flow and
temperature conditions. Thus, adequate data to describe the size-time relationship requires
substantial sampling over a number of years. NMFS will normally assume that fry-sized
salmonids are present at al sites unless adequate biological investigation proves otherwise. The
burden of proof is the responsibility of the owner of the screen facility.

New facilities which propose to utilize unproven fish protection technology frequently require:

1) development of a biological basis for the concept;

2) demonstration of favorable behavioral responsesin alaboratory setting;

3) an acceptable plan for evaluating the prototype installation;

4) an acceptable alternate plan should the prototype not adequately protect fish.
Additiona information can be found in Experimental Fish Guidance Devices, position statement
of the National Marine Fisheries Service, Southwest Region, January 1994.



NMFES Fish Screen Criteria 2

Striped Bass, Herring, Shad, Cyprinids, and other anadromous fish species may have eggs and/or
very small fry which are moved with any water current (tides, streamflows, etc.). Installations
where these species are present may require individual evaluation of the proposed project using
more conservative screening requirements. In instances where state or local regulatory agencies
require more stringent screen criteriato protect species other than salmonids, NMFS will
generally defer to the more conservative criteria.

General screen criteria and procedura guidelines are provided below. Specific exceptions to
these criteria occur in the design of small screen systems (less than 40 cubic feet per second) and
certain small pump intakes. These exceptions are listed in Section K, Modified Criteriafor Small
Screens, and in the separate addendum entitled: Juvenile Fish Screen Criteria For Pump Intakes,
National Marine Fisheries Service, Portland, Oregon, May 9, 1996.

I1. General Procedural Guidelines

For projects where NMFS has jurisdiction, such as FERC license applications and ESA
consultations, afunctional design must be developed as part of the application or consultation.
These designs must reflect NMFS design criteria and be acceptable to NMFS.  Acceptable designs
typically define type, location, method of operation, and other important characteristics of the fish
screen facility. Design drawings should show structural dimensionsin plan, elevation, and cross-
sectional views, along with important component details. Hydraulic information should include:
hydraulic capacity, expected water surface elevations, and flows through various areas of the
structures. Documentation of relevant hydrologic information isrequired. Types of materials
must be identified where they will directly affect fish. A plan for operations and maintenance
procedures should be included- i.e., preventive and corrective maintenance procedures,
inspections and reporting requirements, maintenance logs, etc.- particularly with respect to debris,
screen cleaning, and sedimentation issues. The final detailed design shall be based on the
functiona design, unless changes are agreed to by NMFS.

All juvenile passage facilities shall be designed to function properly through the full range of
hydraulic conditions expected at a particular project site during fish migration periods, and shall
account for debris and sedimentation conditions which may occur.
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I11. Screen Criteria for Juvenile Salmonids
A. Structure Placement
1. Generdl:

The screened intake shall be designed to withdraw water from the most appropriate elevation,
considering juvenile fish attraction, appropriate water temperature control downstream or a
combination thereof. The design must accommodate the expected range of water surface
elevations.

For on-river screens, it is preferable to keep the fish in the main channel rather than put them
through intermediate screen bypasses. NMFS decides whether to require intermediate bypasses
for on-river, straight profile screens by considering the biological and hydraulic conditions existing
at each individua project site.

2. Streams and Rivers;

Where physically practical, the screen shall be constructed at the diversion entrance. The screen
face should be generally parald to river flow and aligned with the adjacent bankline. A smooth
transition between the bankline and the screen structure is important to minimize eddies and
undesirable flow patternsin the vicinity of the screen. If trash racks are used, sufficient hydraulic
gradient is required to route juvenile fish from between the trashrack and screensto safety.
Physical factors that may preclude screen construction at the diversion entrance include excess
river gradient, potential for damage by large debris, and potential for heavy sedimentation. Large
stream-side installations may require intermediate bypasses along the screen face to prevent
excessive exposure time. The need for intermediate bypasses shall be decided on a case-by-case
basis.

2. Cands:

Where installation of fish screens at the diversion entrance is undesirable or impractical, the
screens may be installed at a suitable location downstream of the canal entrance.  All screens
downstream of the diversion entrance shall provide an effective juvenile bypass system- designed
to collect juvenile fish and safely transport them back to the river with minimum delay. The angle
of the screen to flow should be adequate to effectively guide fish to the bypass. Juvenile bypass
systems are part of the overall screen system and must be accepted by NMFS.
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3. Lakes, Reservoirs, and Tidal Areas:

a Where possible, intakes should be located off shore to minimize fish contact with the facility.
Water velocity from any direction toward the screen shall not exceed the allowable approach
velocity. Where possible, locate intakes where sufficient sweeping velocity exists. This
minimizes sediment accumulation in and around the screen, facilitates debris removal, and
encourages fish movement away from the screen face.

b. If ascreened intake is used to route fish past a dam, the intake shall be designed to withdraw
water from the most appropriate elevation in order to provide the best juvenile fish attraction to
the bypass channel as well as to achieve appropriate water temperature control downstream.
The entire range of forebay fluctuations shall be accommodated by the design, unless otherwise
approved by NMFS.

B. Approach Velocity

Definition: Approach Velocity isthe water velocity vector component perpendicular to the screen
face.

Approach velocity shall be measured approximately three inchesin front of the screen surface.
1. Fry Criteria - less than 2.36 inches { 60 millimeters (mm)} in length.

If abiologica justification cannot demonstrate the absence of fry-sized salmonids in the vicinity of
the screen, fry will be assumed present and the following criteria apply:

Design approach velocity shall not exceed-

Streams and Rivers: 0.33 feet per second

Canals. 0.40 feet per second

Lakes, Reservoirs, Tidal:  0.33 feet per second (salmonids) 2

2. Fingerling Criteria - 2.36 inches {60 mm} and longer

If biological justification can demonstrate the absence of fry-sized salmonids in the vicinity of the
screen, the following criteria apply:

Design approach velocity shall not exceed -
All locations: 0.8 feet per second

2 Other species may require different approach velocity standards, e.g.- in California, the U.S. Fish & Wildlife
Service requires 0.2 fps approach velocity where delta smelt are present in the tidal areas of the San Francisco Bay

estuary.
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3. The total submerged screen area required (excluding area of structural components) is
calculated by dividing the maximum diverted flow by the allowable approach velocity. (Also see
Section K, Modified Criteriafor Small Screens, part 1).

4. The screen design must provide for uniform flow distribution over the surface of the screen,
thereby minimizing approach velocity. This may be accomplished by providing adjustable
porosity control on the downstream side of the screens, unless it can be shown unequivocally
(such as with aphysical hydraulic model study) that localized areas of high velocity can be
avoided at al flows.

C. Sweeping Velocity

Definition: Sweeping Velocity is the water velocity vector component parallel and adjacent to the
screen face.

1. Sweeping Velocity shall be greater than approach velocity. For cana installations, thisis
accomplished by angling screen face less than 45° relative to flow (see Section K, Modified
Criteriafor Small Screens). This angle may be dictated by specific canal geometry, or hydraulic
and sediment conditions.

D. Screen Face Material

1. Fry criteria

If abiologica justification cannot demonstrate the absence of fry-sized salmonids in the vicinity of
the screen, fry will be assumed present and the following criteria apply for screen material:

a. Perforated plate: screen openings shall not exceed 3/32 inches (2.38 mm), measured in
diameter.

b. Profile bar: screen openings shall not exceed 0.0689 inches (1.75 mm) in width.

c. Woven wire: screen openings shall not exceed 3/32 inches (2.38 mm), measured diagonally.
(e.g.: 6-14 mesh)

d. Screen materia shall provide a minimum of 27% open area



NMFES Fish Screen Criteria 6

2. Fingerling Criteria

If biological justification can demonstrate the absence of fry-sized salmonids in the vicinity of the
screen, the following criteria apply for screen material:

a. Perforated plate: Screen openings shall not exceed 1/4 inch (6.35 mm) in diameter.

b. Profile bar: screen openings shall not exceed 1/4 inch (6.35 mm) in width

c. Woven wire: Screen openings shall not exceed 1/4 inch (6.35 mm) in the narrow direction
d. Screen materia shall provide a minimum of 40% open area

3. The screen material shall be corrosion resistant and sufficiently durable to maintain a smooth
and uniform surface with long term use.

E. Civil Works and Structural Features

1. Theface of al screen surfaces shal be placed flush with any adjacent screen bay, pier noses,
and walls, alowing fish unimpeded movement parallel to the screen face and ready accessto
bypass routes.

2. Structural features shall be provided to protect the integrity of the fish screens from large
debris. Trash racks, log booms, sediment sluices, or other measures may be needed. A reliable
on-going preventive maintenance and repair program is necessary to ensure facilities are kept free
of debris and the screen mesh, sedls, drive units, and other components are functioning correctly.

3. Screens located in canals - surfaces shall be constructed at an angle to the approaching flow,
with the downstream end terminating at the bypass system entrance.

4. The civil works design shall attempt to eliminate undesirable hydraulic effects (e.g.- eddies,
stagnant flow zones) that may delay or injure fish, or provide predator opportunities. Upstream
training wall(s), or some acceptable variation thereof, shall be utilized to control hydraulic
conditions and define the angle of flow to the screen face. Large facilities may require hydraulic
monitoring to identify and correct areas of concern.

F. Juvenile Bypass System Layout

Juvenile bypass systems are water channels which transport juvenile fish from the face of a screen
to arelatively safe location in the main migratory route of the river or stream. Juvenile bypass

systems are necessary for screens located in canals because anadromous fish must be routed back
to their main migratory route. For other screen locations and configurations, NMFS accepts the
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option which, in its judgement, provides the highest degree of fish protection given existing site
and project constraints.

1. The screen and bypass shall work in tandem to move out-migrating salmonids (including
adults) to the bypass outfall with minimum injury or delay. Bypass entrance(s) shall be designed
such that out-migrants can easily locate and enter them. Screensinstalled in cana diversions shall
be constructed with the downstream end of the screen terminating at a bypass entrance. Multiple
bypass entrances (intermediate bypasses) shall be employed if the sweeping velocity will not
move fish to the bypass within 60 seconds * assuming the fish are transported at this velocity.
Exceptions will be made for sites without satisfactory hydraulic conditions, or for screens built on
river banks with satisfactory river conditions.

2. All components of the bypass system, from entrance to outfall, shall be of sufficient hydraulic
capacity to minimize the potential for debris blockage.

3. To improve bypass collection efficiency for a single bank of vertically oriented screens, a
bypass training wall may be located at an angle to the screens.

4. In cases where insufficient flow is available to satisfy hydraulic requirements at the main bypass
entrance(s), a secondary screen may be required. Located in the main screen’s bypass channel, a
secondary screen allows the prescribed bypass flow to be used to effectively attract fish into the
bypass entrance(s) while allowing all but a reduced residual bypass flow to be routed back (by
pump or gravity) for the primary diversion use. The residua bypass flow (not passing through the
secondary screen) then conveys fish to the bypass outfall location or other destination.

5. Accessisrequired at locations in the bypass system where debris accumulation may occur.

6. The screen civil works floor shall allow fish to be routed to the river safely in the event the
canal isdewatered. Thismay entail a sumped drain with a small gate and drain pipe, or similar
provisions.

G. Bypass Entrance

1. Each bypass entrance shall be provided with independent flow control, acceptable to NMFS.

2. Bypass entrance velocity must equal or exceed the maximum velocity vector resultant aong the

screen, upstream of the entrance. A gradual and efficient acceleration into the bypassis required
to minimize delay of out-migrants.

% In california, 60 second exposure time applies to screens in canals, using a 0.4 fps approach velocity. Where
more conservative approach velocities are used, longer exposure times may be approved on a case-by-case basis,
and exceptions to established criteria shall be treated as variances.
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3. Ambient lighting conditions are required from the bypass entrance to the bypass flow control.
4. The bypass entrance must extend from floor to water surface.

H. Bypass Conduit Design

1. Smooth interior pipe surfaces and conduit joints shall be required to minimize turbulence,
debris accumulation, and the risk of injury to juvenile fish. Surface smoothness must be
acceptable to the NMFS.

2. Fish shall not free-fall within a confined shaft in a bypass system.

3. Fish shall not be pumped within the bypass system.

4. Pressure in the bypass pipe pipe shall be equal to or above atmospheric pressure.

5. Extreme bends shall be avoided in the pipe layout to avoid excessive physical contact between
small fish and hard surfaces and to minimize debris clogging . Bypass pipe centerline radius of
curvature (R/D) shall be 5 or greater. Greater R/D may be required for supercritical velocities.
6. Bypass pipes or open channels shall be designed to minimize debris clogging and sediment
deposition and to facilitate cleaning. Pipe diameter shall be 24 inches (0.610 m) or greater and
pipe velocity shall be 2.0 fps (0.610 mps) or greater, unless otherwise approved by NMFS. (See
Modified Criteria for Small Screens) for the entire operational range.

7. No closure valves are alowed within bypass pipes.

8. Depth of flow in abypass conduit shall be 0.75 ft. (0.23 m) or greater, unless otherwise
authorized by NMFS (See Modified Criteriafor Small Screens).

9. Bypass system sampling stations shall not impair normal operation of the screen facility.
10. No hydraulic jumps should exist within the bypass system.
I. Bypass Outfall

1. Ambient river velocities at bypass outfalls should be greater than 4.0 fps (1.2 mps), or as close
as obtainable.

2. Bypass outfalls shall be located and designed to minimize avian and aquatic predation in areas
free of eddies, reverse flow, or known predator habitat.
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3. Bypass outfals shall be located where there is sufficient depth (depending on the impact
velocity and quantity of bypass flow) to avoid fish injuries at al river and bypass flows.

4. Impact velocity (including vertical and horizontal components) shall not exceed 25.0 fps (7.6
mps).

5. Bypass outfall discharges shall be designed to avoid adult attraction or jumping injuries.
J. Operations and Maintenance

1. Fish Screens shadll be automatically cleaned as frequently as necessary to prevent accumulation
of debris. The cleaning system and protocol must be effective, reliable, and satisfactory to NMFS.
Proven cleaning technologies are preferred.

2. Open channdl intakes shall include a trash rack in the screen facility design which shall be kept
free of debris. In certain cases, a satisfactory profile bar screen design can substitute for atrash
rack.

3. The head differential to trigger screen cleaning for intermittent type systems shall be a
maximum of 0.1 feet (.03 m), unless otherwise agreed to by NMFS.

4. The completed screen and bypass facility shall be made available for inspection by NMFS, to
verify compliance with design and operational criteria.

5. Screen and bypass facilities shall be evaluated for biological effectiveness and to verify that
hydraulic design objectives are achieved.

K. Modified Criteria for Small Screens (Diversion Flow less than 40 cfs)

The following criteria vary from the standard screen criterialisted above. These criteria
specificaly apply to lower flow, surface-oriented screens (e.g.- small rotating drum screens).
Forty cfsis the approximate cut off; however, some smaller diversons may be required to apply
the generd criterialisted above, while some larger diversions may be alowed to use the “small
screen” criteriabelow. NMFS will decide on a case-by-case basis depending on site constraints.

1. Therequired screen areais afunction of the approach velocity listed in Section B, Approach
Velocity, Parts 1, 2, and 3 above. Note that “maximum” refers to the greatest flow diverted, not
necessarily the water right.

2. Screen Orientation:

a. For screen lengths six feet or less, screen orientation may be angled perpendicular to the
flow.



NMFES Fish Screen Criteria 10

b. For screen lengths greater than six feet, screen-to-flow angle must be less than 45 degrees.
(See Section C Sweeping Velocity, part 1).

c. For drum screens, design submergence shall be 75% of drum diameter. Submergence shall
not exceed 85%, nor be less than 65% of drum diameter.

d. Minimum bypass pipe diameter shall be 10 in (25.4 cm), unless otherwise
approved by NMFS.

e. Minimum pipe depth is 1.8 in (4.6 cm) and is controlled by designing the pipe gradient for
minimum bypass flow.
Questions concerning this document can be directed to NMFS Hydraulic Engineering Staff at:
National Marine Fisheries Service
Southwest Region
777 Sonoma Ave. Room 325
Santa Rosa, CA 95402
Phone: 707-575-6050
Adopted,

Date: AY Ne bk S%7

‘ \ 3
Authorizing Signature:j-i-ﬂdl QUL\— N
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DU PT NO NORTH EAST ELEVATION DESCRIPTION
108 2136015.212| 6638521.181 33.53 DU-CP108 (VERTICAL, —
109 2136033.981| 6638421.285 33.60 DU-CP109 mzommozf@ m_l_lm v_|>z — — |
_ SCALE: 17=30 ——_
. —
40 FARM FIELD 40
JE : SEREEEAREANRES
| |
T i I E=Eama: L 4
30 [ SEi== i 30
BPRO T IRE S = D E f
B .
20 s it 20
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
SCALE: 17=30" HOR AND VER
JOB _NUMBER DATE
SUTTER BYPASS EAST | omos

DR rep e
UNLIMITED "'l BORROW CANAL PUMPS | 1

NG H PUMP SITE 12 :

APPROVED BY:
CB

BAR SCALE
90

60

30 !
WESTERN REGIONAL OFFICE

SCALE: 1"=30"




PUMP  DATA

PUMP_BASE PLATE EL=30.5
APPROX BOTTOM OF PUMP EL=24.7
PUMP:

——— N
(NO TAG

INFORMATION VISIBLE ———

OODEN--POMP =30

CONTROL POINTS
NORTH EAST ELEVATION DESCRIPTION
2131948.64 | 6639727.54 33.28 |DU-CP110 IOENOZ;C
2131985.31|6639719.79 33.39 <mxjo>5
) SCALE: 17=20'
40 40
=] =] !
:TA JARGE EEEEEEENNEEREEEEN S8/ aRRRL Yt OXC Lo OF PO JPPORIS -
30 1] Dl oo 30
1 H PE — S ol e <
FRAME e TaN =4 1 “ F
FRAVEC =2t o 1
20 ] 20
0 10 20 30 40 50 60 70 80 90 100
SECTION AT PUMP NO 13
SCALE: 1"=20" HOR AND VER
JOB_NUMBLR DA
DUCKS_ 7wl SUTTER BYPASS EAST | s
BAR SCALE UNLIMITED ~ Cuioo BORROW CANAL PUMPS 1
2 0 m,o INC. LKW —OF—
SCALE: 1"=20' WESTERN REGIONAL OFFICE APPROVED BY: s TCZT m_._.m dw \_




\
\l '
\ i
| 9/ E%&
/ 7\ PUMP BASE PLATE EL=32.0°
~ /o APPROX BOT OF PUMP — NOT LOCATED
2 3 \ PUMP_DATA;
M/ € VB 50" eveie 6o
= 3z FRAME 2860
al ,Gw TYPE 220 31
z =m 440 “155
Mﬂ WW , mu \
| | M OTORS b
| |
/
f -
|
l
|
\ A CONTROL PQINTS
. / / ! DU PNT NO NORTH EAST ELEVATION DESCRIPTION
AR ,../ SITE PLAN R e Il e S e
/ SCALE: 17=20'
40
. E
/ o fr WATER
30 T = RE L
TTOISCH IPEHH R e Il I Z 1 £/
N = s INsINDG|
M NOF-BE =S aN B
IE IEAA FLANGE| = BOTION O
THIS- PUMP-SITE PP =246/
20 30 40 50 60 70
TION AT PUMP NO 14
SCALE: 17=20" HOR AND VER
JOB _NUMBER DAL
DUCKS__ "™ o] SUTTER BYPASS EAST | oo
BAR SCALE UNLIMITED — Cumtien BORROW CANAL PUMPS 1
0 2 0 60 INC. Ckw ~OF-
, SCALE: 1"=20' , WESTERN REGIONAL OFFICE APPROVED BY: . TCZT w_._.m ‘_n_. A




7

" . s

N\
19 ™~
. PUMP NO-1 (WESTERLY hcznv/,,:
_— - ) PUMP BASE PLATE-EL=34.5
yaN No— N \ . X \ APPROX BOTTOM OF PUMP EL=22.3

TA: ™~

HP 20
PSERVICE FACTOR 1.15
AT RATED VOLTAGE & CYCLI
VOLTS 230/460

AMPS 35.2/76.6

| SPEED 1165

SER-NO. NHJ1206508 60
UPPER BRG-5903495P11
LOWER BRG 629A310AEP1

PUMP _NO 2 (EASTERLY PUMP)

PUMPBASE PIATE FL=34.5
HAPPROX-BOTTOM OF PUMP EL=23.2

{PUMP DATA:

- ROM PLATE ON BASE
-BYRON JACKSON
14—H-S-PP

RPM 1160

CAPACITY 220/440

SITE PLAN
SCALE: 1"=20"
40 - 40 40 - o 40
; W C WATER | rl” Dl o « | : AR
30 yiaEaas 130 30 T 130
i o e
SR FsE = e i 5
20 o ot =00 20 ook BbrTON o120
SRl EME il il
0 10 20 30 40 50 0 10 20 30 0 50
WESTERLY PUMP EASTERLY PUMP
SECTION AT PUMP NO 15A SECTION AT PUMP NO 15A
SCALE: 1"=20" HOR AND VER SCALE: 1"=20" HOR AND VER

DUCKS Pictisioo)l SUTTER BYPASS EAST | ioasos

_ BAR SCALE CZ_l_Z_._.m_U m%ﬁ%w:wmﬁm% wOmmO/Z O>Z>_| _UCZ_Um SHEET té

20 40 60 _ Z O DRAFTED BY: o

. LKW
SCALE: 1"=20" , WESTERN REGIONAL OFFICE APPROVED BY: TCZT m_._.m dw> \_

CB




PUMP_DATA

PUMP] BASE PLATE EL=32.6
>mnm~0x BOTTOM OF PUMP EL= MU@

PEUMP_DATA: 22—

——_ NQ-INFORMATION ———
(No-TAG) T

>Eumox foo>joz OF
_2-12" AND~ 22—
COTTONWOOD Ammmw .

DISCHARGE PGND

CONTROL PQINTS

m_n_um T_I>Z | y DU PNT NO|  NORTH EAST  |ELEVATION DESCRIPTION
s / 119 |2118945.203]6648157.550| 30.91 [DU-CP119 (HORIZONTAL)
SCALE: 17=20 / 120 |2119000.210|6648283.880 | 33.95 |DU-CP120 (VERTICAL)
201  |2113004.588 | 6648,355382| 30.2 |CP—201 NAIL (HORIZONTAL)
40 40
—or Roun
-ToP-aFPUNF ARROX WATES
FHHHF REAFEEL 32 SURFACE EL=28.
30 1 30
AN 8. -
FILANIC [ 4
M AR aa AR
200aveRS nisdiaraE PROX-BATHOM 20
o) N S N [=
I S I CETNT N
LEVATION ]
BECETANED AT :
10 20 30 40

SECTION AT PUMP NO l_mw

SCALE: 1"=20" HOR AND VER

DUCKS Pictisioo)l SUTTER BYPASS EAST | ioasos

SHEET NO

BB SCME UNLIMITED |” "Clvicieol BORROW CANAL PUMPS | 1

| | m,o _ZO. H LKW

SCALE: 1"=20" WESTERN REGIONAL OFFICE APPROVED BY: TCZT w_._.m dww \_

CB

—0OF—




BAR SCALE

20

METAL PUMP STAND
_ WITH OVERHEAD RAL

PUMP_DATA
PUMP BASE_PLATE FL=31.6

TIRUMP DATA;

UNIDRIVE MOTOR
LUBRICATION GREASE SIZE 3/4
®[UBE-SIZE 5
23 FAIRBANKS CHICAGO, ILL.
_— TYPE QZKV

FRAME 2005 PV

No. F 80553
FULL LOAD-R:P.M. 1135
1220440
62.2 31.1 AMPS
3 PHASE 60

24

APPROX BOTIOM OF mczﬂ/mhuufw/,
/

T

AN 2%
// ~—

SCALE: 1"=20'

40

40

30

[ e
[

[ 22
[N
! 5]
I
NI

20 e i R 20

0 10 20 30 40 50
SECTION AT PUMP NO 15C

SCALE: 1"=20" HOR AND VER

—6

CONTROL POINTS

DU PNT NO| NORTH EAST ELEVATION

DESCRIPTION

121
122

2117123.917
2117146.384

6650621.863| 33.461
6650609.340| 35.17

DU-CP121
DU-CP122

VERTICAL)
HORIZONTAL)

DUCKS

JOB NUMBER
CA-0181-001

UNLIMITED

SURVEYED BY
C_WHITEHEAD

40 60

INC.

DRAFTED BY:
LKW

SCALE: 1"=20' WESTERN REGIONAL OFFICE

APPROVED BY:
CB

SUTTER BYPASS EAST
BORROW CANAL PUMPS

PUMP SITE 15C

DATE
10.15.04

SHEET NO

_OF—




EAST

DU PT NO| NOR

EAST __ [ELEVATION

TH

DESCRIPTION

TN&@Sumigéwamj 32.88

DU—CP 114 (HORIZONTAL)
DU-CP 115 (VERTICAL)

THERE IS NO PUMP AT

4
5 |2123615.251|6640957.229| 33.09
PUMP_DATA:
PUMP BASE PLATE EL=32.8

18"DISCHARGE PIPE WITH
FLAP GATE (DISCHARGES N \
DIRECTLY INTO FIELD) ==1I7 NOTE:
TOP OF PIPE EL=31.9
/ / THIS SITE
/ g/
/ey
/ & /o METAL PUMP STA
& WITH OVERHEAD RAID
/e
/
/ NOTE:
THE BOTTOM OF S
/ ARE APPROXIMATE
\\ AT THIS SITE.
SCALE: 1"=20'
40 40
PO
|
i V) | i I c
GCROUND HEEE =3 sl = =
iy i e g o il N1 Vi e
30 SURAREE==p511 50
THARC BTN Vi ra) i
Ny i =
S 12" TEE Sammmn
20 BpR ‘ Lclder 20
= T PUM
40 50

0 10 20 30
SECTION AT PUMP NO 16

SCALE:

1

=20'HOR AND 17=2" VER

LOUGH SHOTS
DUE TO THE

AMOUNT OF WATER VEGETATION

DUCKS Pictisioo)l SUTTER BYPASS EAST | ioasos
R UNLIMITED " "'l %o BORROW CANAL PUMPS | 1
SCALE: 1"=20" , W WESTERN _Nm@n_z—w_rmn.ﬂam APPROVED Eu%om _UCZ_U m_._.m d m AW_T




PUMP BASE PLATE EL=33.9
APPROX BOTTOM OF PUMP EL=22.7

PUMP_DATA:

US ELECTRIC MOTORS

SERIAL NO. 3586147 s
40 HP 3 PHASE 60 CYCLE

TYPE RU 220 105

B CODE 440

RATING 40

BAR SCALE

\

LAN

SCALE: 1"=20"

\SCALE: 17

CONTROL POINTS

SEC

DU PNT NO[  NORTH EAST  [ELEVATION]DESCRIPTION
125  |2118630.952|6649235.663| 522 |DU—CP125 (HORIZONTAL
126 |2118604.438|6640198.750| 42.8 |DU—CP126 (VERTICAL)
T |
W ] AN
| | 40
W T OMP[/7EX GROUND
i i
i ;i
) i : EEN
e [ T
A F i ﬁ
TALLEE ! e CTRCE PIPE 30
; W e
i FLANGE £t
XIBOTIO FANGE EL
WP e Ll FEbet Wf
|
e I
T i i
| |
0 10 20 30 40 50

TION AT PUMP NO 17

SCALE: 1"=20" HOR AND VER

DUCKS
UNLIMITED

INC.

WESTERN REGIONAL OFFICE

IFTLl SUTTER BYPASS EAST [
om\/%%&ﬂig wOmmO/Z O>Z>_| _UCZ_Um A

APPROVED BY:
CB

PUMP SITE 17 1




CONTROL POINTS

DU PNT NO NORTH EAST ELEVATION DESCRIPTION
129 2123159.070|6643631.944| 53.89 |DU-CP129 (HORIZONTAL)
130 2123111.111|6643603.366| 42.38 |DU-CP130 (VERTICAL)

PUMP

PUMP_DATA:
THRUST BEARINGS
BEARING SIZE

PUMP BASE PLATE EL=40.7
APPROXIMATE BOTTOM OF PUMP

(LABELED AKINS NORTH)

27 I
7320
6319

NOT DETERNINED

¢,
%% ,,,,// \
50 \ ) )
NS = O rm/(/ ROUN PUM NE } i ]
40 | : ATEEL=t
30 i ok/it/o
BOTION OR FRANE Srineine
20 PR B
0 10 20 30 40 50 60 70 80 90 100
SECTION AT PUMP NO 17A
SCALE: 1"=20" HOR AND VER
JOB_NUMBER DATE
wxm_ﬁ\_m_._.m_u SR B SUTTER BYPASS EAST SR

BARSONE . o <t BORROW CANAL PUMPS | {
, SCALE: 1"=20" , W WESTERN REGIONAL o_...BOm APPROVED m%ﬁxom TCZT m_._.m AN> \\_ .




CONTROL POINTS

DU PNT NO NORTH EAST ELEVATION DESCRIPTION
127 2119285.499 | 6648395.489 [ 48.70 |[DU-CP127 (HORIZONTAL)
128 2119282.153|6648337.546 | 40.34 |DU-CP128 (VERTICAL)
201 2119243.679|6648391.906 | 40.1 CP-2x2 HUB
202 2119328.192|6648283.299| 40.7 CP—NAIL
203 2119240.347|6648307.202| 36.9 CP-NAIL

PUMP DATA _
PUMP BASE PLATE EL=36.8
APPROX BOTTOM OF PUMP_EF=23.5
PUMP DATA: ;
US PLECTRIC'MOTORS” -
QQ% 3 PHASE 60 CYC~
0

LT 226-440 “RPM 900 ; , \ , 0
SERIAL No. 930033 \m % m \ _ w | ,, 0w
7 7 7 7 v \ \ =] 1 | 0
( : d\ ,, % o ,, b @ i | © m — 7 m,w M S
\ \ | =
NOTE: | \ | 7, = & ,,, | ! | &4 7 ,,
SLOUGH_SHOTS IMMEDIATELY SOUTH_OF |PUMP | - ,, ,, \ s 7 , ,, —
STAND COULD 'NOT BE TAKEN DUE TO HEAVY | | @ \ \ ,, ,, I 8¢ || ,,
VEGETATION [— CONTOURS | MAY NOT REFLECT | ,, ,, ,,, ,, ,,, | R ,
TRUE | BOTTOM IN THIS AREA. ,,, ,, ,,,, L ,, ,,, \ , \ B ) | ,_
\ ,,,, . ﬂm_ TE PLAN = | 1) _, , J J 7
\ b ¢ \ | | | SCALE: 120 I} _, | | ,
40 Py , i 40
PR TE 2f71 4 DISCH PH
P EMERE
30 ; ERREEE{tEERAREED 30
il IR == o F
: St FLANGEEL 71
20 oo TS 20
UMBETH Z, : ,
0 10 20 30 40 50 60 70
SECTION AT PUMP NO 17B
SCALE: 17=20° HOR AND VER
JOB _NUMBER DATE
DUCKS__ [0 0w SUTTER BYPASS EAST | oo
p BAR SCALE ; ) _CZ_/A_u_u_Z_._._mD —cwmremo BORROW CANAL PUMPS 1
, J . LKw —0F-
SCALE: 1"=20' , WESTERN REGIONAL OFFICE APPROVED BY: s TCZT w_._.m dﬂw \_




{OTE:
HE ELEC POWER LINE FROM

16"DISCH PIPE ™ ~
~_ TOP PIPE EL=32.0

S

DU CONTROL POINTS
DU PNT NO NORTH EAST ELEVATION DESCRIPTION
123 2114133.664 |6654345.289| 33.65 |DU—-CP123 (HORIZONTAL)
124 2114125697 |6654308.982| 34.46 DU-CP 124 (VERTICAL)
Z
1,
&p b
Q%NAN\
W
NOTE

pTHERE IS NO PUMP
AT THIS LOCATION

METAL PUMP STAND
WITH OVERHEAD RAIL
AND CATWALK

< (NO VALVE) -
o~ S~ ™~ ~
N S 40 . 40
16°RISCH PIPE. > TAND. | ~TOF| OF PUMR-RIATE
TOP PRE EL=31.9 ~ CATWALK [T BT
(NO\VALVE) - EXCROUNDL 1 e R i
WODDEN DECK ™~ 30 ST u FACEIEL=P81411 30
(POOR CONDITIONN. < T EEENEE RS EEEN R EREEEEEA o P
AN =20
20 —— 20
i o e \\,MI{
0 10 20 30 40 50
SECTION AT PUMP NO 18
SITE PLAN SN s SCALE: 1"=20'HOR AND 17=2" VER
J0B_NUMBER DATE
DUCKS_ 7wl SUTTER BYPASS EAST | s
BAR SCALE UNLIMITED ~ Cuioo BORROW CANAL PUMPS 1
0 20 40 60 INC. LKW ~OF-
, SCALE: 1"=90" , WESTERN REGIONAL OFFICE APPROVED BY: PUMP SITE 18 1




PUMP NO 1

BERKLEY, CA
RPM=1200, HEAD 68-156

BJ PUMP, DEEP WELL TURBINE

A %
)
2N
N
//
N
PP W/ ELEC PANEL® INTAKE EL=22.7
40 . 40
\\H\ Lverev, T L ICATW L ,ﬁ\\ D Fe FROx WATE
< 30 R
a4 \\\\ E=S =S == E= EEEME====3
\\H\\ N Ll FLANGE (£ .
i \\H\\ I FUANGE EL=21
I /s s 0, I =10
==l 20 . B =
PLATFORM EEECEIRARLLLY -
(GRATI 0 10 20 30 40 50
WESTERLY PUMP
g N
\M;m%%%om PIPE /\ N SECTION AT PUMP 19
y Wit FLAP CATE 18"DISCHARGE PIPE SCALE: 1"=20' HOR AND VER
57 TOP OF PIPE EL=31.1 7)) WK FLAP CATE /
2 TOP OF PIPE EL=31.1 | 40 40
IME
= N
e [ CATWA] =t ELF0 ERC IWAT
30 F =84 30
il icasizi=rh3
20 EorETeT 20
CONTROL POINTS 50T 0F SLOUGH T OFPIf
Vi DU PNT NO NORTH EAST ELEVATION DESCRIPTION Hi= 5 INTAY ELmiz:
\\\ _ g 131 2111497.142 |6656708.385| 34.58 |DU CP—131 (HORIZONTAL)
2 P < 132 |2111496.688|6656742.887| 34.26 | DU CP-132 (VERTICAL) %>W4Wowr< mo_nvcgw_% 40 50
T
P
Y SITE PLAN SECTION AT PUMP 19
SCALE: 1"=20’ SCALE: 1"=20" HOR AND VER
JOB_NUMBER DATE
DUCKS__ "o’ ol SUTTER BYPASS EAST | wisu
BAR SCALE UNLIMITED c wireneabl BORROW CANAL PUMPS 1
20 0 @Wo INC. DRAFTED BY: » o
SR WESTERN REGIONAL OFFICE APPROVED BY: __ PUMP SITE 19 1




CONTROL POINTS \\\
DU PNT NO NORTH EAST ELEVATION DESCRIPTION \\ -
133 2107817.513|6659413.177| 31.11 |DU CP—133 (HORIZONTAL) e :
134 2107766.031]6659399.740| 32.88 DU CP—134 (VERTICAL) s
\
\
\
\ \
\ \
\ A .
\ \
\ \ .‘\
5z
/ \»m‘\ v
\ WOODEN PUMP STAND z
N
\
N
\ \
\ |
\
\
S / o
o\ 7
SN N L
O/N@O»(¢¢o<(\\»ﬁ i
e 7
NP e -
i ,\//
b s N
AN N N PUMP
N N N BASE PLATE LE=33.8
AN AN o, N BOT EL=236
CONC DISCHARGE ™\ N Ty N
STRUCTURE N PAS N N PUMP DATA
TOP EL=34.6% Y4 US MOTORS
BOT EL= SER NO 587551
\\\\X/ 25 HP, 3 PHASE 40 N ; 7 N 40
\\\\\\ N 220/440 VOLT STRUCTURE InnEaNnnE ,H, PLOF PUMA P
7 N\ f fl : o ) TE
\\\ / ENENENEE AR JRF) ANIE 4]
e N 30 H =284130
/K = = = . rARYA
//m\ S 8"OVERFLOW PIPE \ ANGE T LD
W/FLAP GATE WEST END L WoE =0
TOP PIPE EL=31.07(W) S e e
TOP PIPE EL=30.83(E) 20 20
m 4 _H (,F \ aaT Il |
E A BOT OF [PI
ek ! i =23
0 10 20 30 40 50 60 70
SCALE: 1"=20" SCALE: 1"=20" HOR AND VER
JOB_NUMBER DATE
DUCKS [ w| SUTTER BYPASS EAST | oisu
BAR SCALE UNLIMITED c wrteseal BORROW CANAL PUMPS 1
@, m,o }o m,o _ZO DRAFTED BY: L or-
, SCALE: 1"=20" , WESTERN REGIONAL OFFICE APPROVED BY: s TCZT m_._.m NO \_




18"HALF ROUND
TOP EL=36.9

- 18”DISCHARGE PIPE
BOT £L=288 WITH FLAP GATE 1//&\
TOP EL=32.92

-
\r« -
18"DISCHARGE PIPE

WITH FLAP GATE
TOP EL=32.96

RISER

e ?O
os¥¥s

e

CONTROL POINTS
DU PNT NO|  NORTH EAST ELEVATION DESCRIPTION _—— — ——

135 2102416.414|6664452.150| 32.76 |DU CP—135 (HORIZONTAL)
136 2102372.452|6664493.087| 32.88 DU CP—136 (VERTICAL)

—- SCALE: 17=20'

[l
i
\

[l

30 /30011 30 30 Y 130

20 B0T GE 20 20 RSarasensASEN RERALY mo

0 10 20 30 40 50 0
LY PUMP SO
ION AT PUMP 21 SE

SCALE: 1"=20" HOR AND VER

10 20 30 40 50
Immr<vC§U

DATE

uT
CTION AT PUMP 21
DUCKS__ ““citic o SUTTER BYPASS EAST

K
_ BAR SCALE CZ_l_Z_._.m_U m%ﬁ%w:wmﬁm% wOmmO/Z O>Z>_| _UCZ_Um SHEET té

0 20 40 60 _ Z O DRAFTED BY:

i | | | . LKW —OF -
, =90’ , WESTERN REGIONAL OFFICE APPROVED BY: TCZT m_._.m Nd \_

SCALE: 1"=20 B




oozo&“nm (ON END)

18"DISCHARGE PIPE
& STRUCTURE WITH FLAP GATE
/N TOP EL=35.0 TOP PIPE EL=

BOT EL=30.6

(NO OTHER DATA)
WODREN HEADWALL

T

CONC PIPE (ON END)

CONTROL POINTS
DU PNT NO|  NORTH EAST ELEVATION DESCRIPTION

137 2098159.602 |6667800.077| 33.66 DU CP-133 (VERTICAL)
138 2098131.709|6667733.519] 34.82 |DU CP—134 (HORIZONTAL)

\
W
\
SITE PLAN
SCALE: 1"=20'
40 40 40 | 40
opEie L pRmaennMLaEl o opaed pdaleias PEER
gop T T T et 20 vis| ESSHER NS oL it SRR RIS N vl
\m\ | ,A,D 20 350 40 50 \m: | ,A,O 20 30 | 40 50 |
SOUTHERLY PUMP NORTHERLY PUMP
SECTION AT PUMP 22 SECTION AT PUMP 22
SCALE: 17=20' HOR AND VER SCALE: 1"=20° HOR AND VER
OB NUVEER DATE
wxm_ﬁ\_m_._.m_u STREED BT SUTTER BYPASS EAST STaamTURE
_mRsmE ) UN| oo BORROW CANAL PUMPS | 1
, SCALE: 1"=20" , W WESTERN REGIONAL o_...BOm APPROVED m%ﬁxom TCZT m_._.m NN \mv_ﬁ\




PUMP_DATA

PUMP_STAND EL=32.4
TOP PUMP EL=346

GE
MODEL NO. 5K6237XH58
SERIAL NO.  GHJ315364

15 HP, 3 PHASE, 60 CYC
230/460 VOLTS

B34 — Remmr

CONTROL POINTS
DU PNT NO| NORTH EAST

ELEVATION DESCRIPTION

139 2095147.882|6668604.685|  34.72 |CP—139 (HORIZONTAL)
VERTICAL)

140 2095120.491|6668628.991 34.12 |CP-140

WITH FLAP GATE
p FLOWINE EL 30.4
““““““M‘w“‘

EDGE OF WATER

SITE PLAN

SCALE: 1"=20"
40
L FPUMPE 4
m i i — . | [(}1=N0) 1Y TANDI ELEB 7.4
30 | e e gt
20 SELELL ElcEeESERARaREEeS
0 10 20 40 20 60 70

NO 23

SCALE: 1"=20" HOR AND VER

30
SECTION AT PUMP

DUCKS Pictisioo)l SUTTER BYPASS EAST | ioasos
R UNLIMITED " "'l %o BORROW CANAL PUMPS | 1
, SCALE: 1"=20" , WESTERN _Nm@n_z—w_rmn.ﬂam APPROVED Eu%om _UCZ_U m_._.m Nw AW_T




—_—
—_
—_

EX DIRT Ropyay

VERTICAL ABJUSTABLE—
N OVERFLOW 12'HR CMP

NORTH PUMP

PUMP BASE PLATE EL=32.8
BOTTOM OF PUMP EL=23.2

US ELECTRIC MOTORS [
MODEL NO  N992A

FR 364TP, TYPE RJ
40 HP, 3 PH, 60 CYC
230/460 VOLTS

\ y
. / | ,
I \ / @ 7 -
EDGE OF 22%/ | \ IR -
| | |
{o || -0
§ : I\ / N Bed
18" DISCHARGE PIPE W/ FLAP GATE / \ \ >
TOP OF PIPE EL=34.7 [ : »
. [ = »
18” DISCHARGE PIPE W/ SLIDE GATE \ \ .
TOP OF PIPE EL=35.1 o .
[ | |
{ / |
opp & \ \ :
/? \ \ SOUTH PUMP
CONTROL POINTS | PUMP BASE PLATE EL=32.7
DU PNT NO|  NORTH EAST  |ELEVATION]  DESCRIPTION P , | BOTTOM OF-PUMP EL=22.6
41 2090544.931 |6669784.699| 39.53 CP—141 IOENOZH)C \ \u@ \ % 7 OWKOHOE
142 2090505.358 |6669788.912| 38.80 CP-142 <mij>C wy 7 %%UMW ZwO UIﬂ@W@WM>@O o
\ \ S | 226/440 voLTS
| |/
40} X RO 40
= d £ h||“\.|,IvL ) Pl NI ES
30 BN SR s 30
=== & SURFACE EL=28.1
\EU\Xw BCTQ JVE_TEL
20 SaEs 00
0 10 20 30 40 50 60
SECTION AT PUMP NO 24
(AT SOUTH PUMP) J0B_NUMBER DATE
SCALE: 17=20" HOR AND VER DUCKS m%mwmmﬂmw@og SUTTER BYPASS EAST e zos,a,i
IR SCALE UNLIMITED | witio BORROW CANAL PUMPS | 1
20 40 60 INC : o
| | | . LKW
SCALE: 1"=20" , WESTERN REGIONAL OFFICE APPROVED BY: s TCZT m_._.m NA. \_




PUMP 2

BASE PLATE EL=N/A
SHALLOW WELL PUMP
(DEPTH UNKNOWN)

PUMP_DATA
DATA PLATE NOT LEGIBLE
OR MISSING

PUMP 1

BASE PLATE EL=43.1

BOT OF PUMP APPEARS TO
EXTEND TO BOT OF SLOUGH

PUMP_DATA
DATA PLATE NOT LEGIBLE
OR MISSING

SCALE: 1"=30"

SOl i CROU 50
RN ——
40 LATEOF i 40
30 = | 30
10 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
SECT AT PUMP 25
SCALE: 1"=30" HOR AND VER
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